Abstract: Longfin sanddab (Citharichthys xanthostigma) represents a very important fishery resource in Southern and Baja California but are not very well known. The purpose of this study is to provide information on the growth and mortality of longfin sanddab population in the Mexican Pacific Ocean at Baja California, México. Data on growth were obtained for longfin sanddab collected with otter trawls during six cruises off the Western coast of Baja California. A total of 1 017 longfin sanddab were caught over the sampling period, and from 860 specimens, the male to female ratio was 1:1.8. The relationship between total weight (W) and standard length (SL) is described: W=0.00000743 SL 3.196 for females and W=0.00000764 SL 3.193 for males. Age groups were estimated from length frequency data, and von Bertalanffy annual growth parameters for all fish data combined were the following: L ∞ =289.2mm SL, k=0.20, t 0 =-0.73; for males, they were L ∞ =265.9mm SL, k=0.21, t 0 =-0.68, and for females, L ∞ =293.6mm SL, k=0.23, t 0 =-0.35. Longfin sanddab caught during this study reached a maximum age of 10 years, and at that age, males attained smaller sizes than females. The age groups had a total mortality (Z) rate of 0.82 year -1 , a fishing mortality (F) of 0.52 year -1 , and a natural mortality (M) of 0.3 year -1 . Although the longfin sanddab is not a target species of commercial fisheries, it suffers high mortality as part of the bycatch in the shrimp fishery. Rev. Biol. Trop. 58 (2): 689-705. Epub 2010 June 02.
& Lea 1972), from Monterey Bay, California, to Costa Rica on the Pacific coast, are warmtemperate to tropical species (Castro-Aguirre et al. 1992 , Abitia-Cardenas et al. 1994 , De la Cruz Agüero et al. 1994 , Rodriguez-Romero et al. 1994 , Moser & Sumida 1996 , RosalesCasián 1996 , Allen & Leos 2001 . Most of these papers comprised only descriptions of the species and common data on its early stages, geographic range, depth inhabited and occurrence. Longfin sanddab preys on polychaets, crustaceans and euphausids (Allen 1982) . This species is also a winter spawner (Goldberg 1982) .
A fishery on flatfish in Baja California is artisanal and multispecific; twenty or more species of bony fish and elasmobranchia are usually caught. Pérez-Mellado & Findley (1985) estimated 20% of longfin sanddab from the shrimp fishery catches in the coast of Sinaloa and Sonora.
This resource is exploited all the year round, mainly from May to September. Registers from the fisheries office do not included incidental caught associated to the shrimp fisheries. Between 70 and 100% are fishes which included 29 flatfish among them 15 are considered frequent and dominant such as the Paralichthyidae family. There are about 37 species of flatfish in Baja California. Due to its size and accessibility there are few caught as commercial target and they do not have any register of catch like P. californicus, Hippoglossina spp, Xystreurys liolepis, Cyclopsetta spp and Citharichthys spp. During 1990 During -1994 periods, the catches varied between 358 and 725 tons per year; 98.8% of the production is processed gutted and iced; the rest is filleted, frozen or seller as individual fish for a national market or exported to San Diego, USA.
It is unknown the fisheries effort through all the year, reason why it is impossible to know the level of exploitation and efficiency of the applying methods during all the year round. Bottom trammel nets are used, trawls, seines and various types of hooks.
There were no closed seasons for fishing of this resource; there are no special restrictions on access to this fishery; join the social sector (fishing cooperatives) and fishery private companies. The gear is prohibited trawling in protected marine waters.
The purpose of this study is to provide information on the growth and mortality of the longfin sanddab population in the Mexican Pacific Ocean at Baja California, México, for its use in managing this species as a fishery resource.
MATERIALS AND METHODS
Fish were collected from April 1988 to July 1989 from 90 otter trawls conducted during the course of six cruises aboard the R/V EL Puma and R/V Marsep XVI. All fish were collected using an otter trawl that measured 20m wide and 9m high at the mouth, 24m in length, with a stretched mesh size of 3cm and cod mesh of 1.5cm. Trawling time and speed were recorded to estimate the area swept by the net. Trawling speed ranged between 1.1 and 1.5m s -1 . Trawls were towed for 30 min along isobaths (10 to 250m).
Thirty four sampling stations were located off the Western coast of Baja California, from "Boca del Carrizal" (23°00'N) to Sebastian Vizcaino Bay (28°51'N) at depths of 10 to 250m (Fig. 1) . The sample sizes were not proportional to the estimated area of the strata. Bottom temperatures varied between 11 and 19˚C.
Specimens of longfin sanddab were measured to the nearest millimeter standard length (SL), wet weighed (W) to the nearest gram, and sexed visually immediately after being caught.
The length frequencies of male and female fish were plotted to examine the relationship between length and sex for all fish combined (n=860). Length measurements of the longfin sanddab were classified into size groups with a class interval of 10mm and length-frequency distribution of each prepared sample. The samples were combined according to months and the monthly distributions were constructed and used in growth estimation. Variability in standard length and weight frequency distributions of males and females were compared with Kolmogorov-Smirnov two-sample tests (Sokal & Rohlf 1995) .
These data were used to calculate the length-weight relationship varying the logarithmic of the equation W=a SL b for each sex, where W is weight in grams, SL is the standard length (mm), a-values is the y-intercept and b is the slope (Wooton 1990 , Anderson & Neumann 1996 . Differences in b-values between sexes were calculated through covariance analysis (ANCOVA) (Zar 1999 ) and the hypothesis of isometric growth (b=3) through the t-test. Male and female regression coefficients were compared with ANCOVA.
The von Bertalanffy growth equation (BVGE) for length and weight was used to obtain growth curves of the longfin sanddab (Beverton & Holt 1957 , Ricker 1975 , Gulland 1983 ): SL t =SL ∞ (1-e -k (t -t0) ) and Wt=W ∞ (1-e -k (t -t0) ) b .
Where: SL t =is the length at time t (mm); SL ∞ = the asymptotic standard length (mm); k= the rate at which length tends towards asymptote;W t = the body weight of fish at time t (g); W ∞ = the asymptotic body weight of fish (g); t 0 = the theoretical age at which growth appears to start.
The seasonal von Bertalanffy growth function (VBGF) was used to estimate growth parameters: SL t =SL ∞ (1-e (-k(t -t0) + St s -St 0 ), where, St s =(Ck /2π *sin (2 π (t -t s )); St 0 =(Ck /2π *sin (2 π (t 0 -t s )).
For the seasonal VBGF, SL t is the standard length at time t, SL ∞ is the asymptotic standard length (mm), k is the growth coefficient (year -1 ) t 0 the age of fish at zero length (year), t s the time between t=0 and start of a sinusoid growth oscillation [replaced with winter point (WP) that is equal to t s + 0.5], and C is the amplitude of growth oscillations. The WP expresses the time of the year when growth is the slowest, and C=0 indicates non-seasonal growth (Sparre & Venema 1992) .
Data analysis was done using routines in FISAT software (Gayanilo et al. 1994) . Estimation of growth parameters was conducted using the ELEFAN I routine incorporated in the FISAT. Algorithms of the routine require that the L ∞ parameter is known, at least to within a biologically acceptable range. Initial values of L ∞ were obtained (with SE s ) based on the assumption that the maximum length in the sample and asymptotic length are closely related, computed from the equation derived by Froese & Binohlan (2000) . The ELEFAN estimates only two of the three growth parameters (L ∞ and k), thus, we computed the third parameter (t 0 ) by the empirical equation of Pauly (1983) for growth fitting: Log (-t 0 )=(-0.3922)-0.2752 log L ∞ -1.038 log k.
Final growth estimates (with seasonality) were obtained using the ELEFAN I routine (Pauly & David 1981) . Parameter estimates of the von Bertalanffy equation for males and females were compared with a likelihood-ratio test (Chen et al. 1992a ) to determine the difference in growth between sexes. To do this, for each data set (males and females), a curve was fitted to the mean length for each age. Finally, growth parameters were fitted using maximum likelihood to reduce the residual sum squares with the solver routine.
Natural mortality (M) was estimated using the empirical formula (Pauly 1980) :
Where, L ∞ and k are the VBGF parameters, and TºC is the mean environmental temperature (21ºC during this study). The total mortality rate, Z, was estimated for the population, using age-based catch curves (Ricker 1975 , Sparre & Venema 1992 ): a) assuming no size or age-selective catchability, b) Z is constant in all the considered groups, c) all the considered age groups in the plot are recruited with the same abundance, d) all the considered age groups in the plot are equally vulnerable to the gear used for the sampling, e) the sample is sufficiently large and covers the age groups sufficiently to represent the average population structure in the considered period of time, f) under assumption of constant rate of mortality, numbers surviving (N t ) will tend to decline exponentially with time or age (t), as shown by the exponential decay expression of N t /N 0 =exp (-Z t ), where N 0 is the initial number of individuals at time t=0 and N t the number surviving at time t with z as the mortality coefficient (Ricker 1975) . Total mortality, Z, was also estimated by the mean length method (Beverton & Holt 1957) . Plotting the natural logarithms of the number of fish over age (years) provides a catch curve with a slope that is equal to the instantaneous annual mortality rate, Z, for those age classes that are fully recruited (King 1995) . The difference between the instantaneous total mortality coefficient (Z), which includes migration and natural mortality coefficient (M), gave an estimate of fishing mortality (F): F=Z-M, where F is the fishing mortality (F=Z-M) (Sparre & Venema 1992) .
RESULTS
Fish from all trawls were combined so that 1 017 longfin sanddab, ranging in size from 60 to 290mm SL and weights from 3.5 to 437.5g were registered. We sampled 922 longfin sanddab, 393 (42.6%) were females, 467 (50.7%) were males, and the sex of 62 (6.7%) were undetermined; hence, the female to male ratio was 1:1.2 (Fig. 2) . A chi square test showed no significant difference between the proportion of females and males (x 2 =6.3674, d.f.=1, p<0.01).
Length-frequency analysis by sex of longfin sanddab shows a very large proportion of males in the smaller size classes, whereas females seem to dominate the larger size classes. However, both males and females were consistently represented throughout the size classes. Distribution of length and weight frequency differed according to sex. Male and female specimens ranged from 56 to 195mm SL and from 60 to 290mm SL, respectively (Table 1) . Both sexes exhibited multimodal distributions; males show the greatest numbers at 117mm SL, compared to 129mm SL for females (Fig. 2) . A higher proportion of males was smaller than females regarding length distributions, using the two-sample Kolmogorov-Smirnov test (D=0.42, p<0.05) yielded a significant difference. The t-test and mean differences revealed significant differences between sexes according to the mean standard length (D=0.18, p<0.05); confidence interval was 95%=8.2-17.4; d.f.=858; t =5.43; P=7.14 x 10 -8 . Male and female weight ranged from 2.5 to 140.7g and 3.5 to 437.5g, respectively (Table 1) . A Kolmogorov-Smirnov test indicated a significant difference between sexes according to the weight (D=0.16, p<0.05). Both sexes displayed multimodal distributions in weight, even with mean weight, significant differences between sexes were observed (D=19.1); confidence interval was 95% =13.3-24.9, d.f.=858, t=6.4, p<2.53 x 10 -10 ( Fig. 3) .
Sex composition by size class for all fish in the sample showed similar patterns to those for length. Females are well represented within the older age groups; the oldest fish class (260mm SL) corresponded to females. Males were identified as early as 60mm at age -0 (Young-of-the Year, YOY) and were represented in all other age classes except in the I-and II-year classes. An early bias toward females is evident up to 120mm. Sex ratios appear to be about 1:1, throughout the older (6-10 years) size class (age class). Size classes 210, 220, 255 and 290mm were represented by only one or four specimens. Immature fish were restricted to the first three age's classes (0-2).
Sex ratios of males and females, grouped into 10mm length classes showed a significant departure from the expected 1:1 (χ 2 test, p<0.05), except for the size classes from 140 to 170mm SL. Males were predominant in the smaller size classes and females in the larger length class samples, all females were larger than 200mm (Table 2 and individuals were collected from October to July and were dominant during February to July. The length-weight relationship of combined longfin sanddab gave the following: W=0.00000606 SL 3.24 (r 2 =0.98; n=1 017); a positive allometry was established. The hypothesis of isometric growth for this species was discarded, as the obtained allometric index value (b) was significantly different from 3 (Student's t-test, p<0.05).
Length and weight were closely correlated with the determination coefficients ranging from 0.99 in both sexes (Fig. 5) , which indicated a strong relationship between these two variables (p<0.001). The hypothesis of isometric growth for this species was discarded, as the obtained positive allometric growth index value (b) was significantly different from 3 (t-test, p<0.05). No statistically significant differences were found between sexes in the standard lengthtotal weight relationships (ANCOVA, F=14.03, d.f. 859, p<0.002). Therefore, separate models were fitted for each sex: Females: W=7.438X 10 -6 L 3.1967 (F 1,392 =22106.91, p<0.001, r 2 =0.99); Males: W=7.469 X 10 -6 L 3.1939 (F 1,465 =13429.76, p<0.001, r 2 =0.98). The slope shows that females are slightly heavier than males for the same length, females are also bigger. Furthermore, the b-value for males and females was not significantly different (t-test) from the theoretical value of 3.
Initial asymptotic length, computed according to Froese & Binolhan (2000) , was 290mm, with SE ranging between 257 and 361mm. These L ∞ ranges, together with the wide range of the k parameter were analyzed to determine the optimum pairs of growth constants with the best fit. The ELEFAN analysis gave the following seasonalized VBGF growth parameters; relationship between age and length for all aged specimens was adequately described by parameters: L ∞ =289.26mm SL, k=0.20 year -1 , and t 0 = -0. After age-group 3 (188.9mm), females were consistently longer and heavier than males due to differences in reproductive condition or general robustness of fish, although the rate of growth (k) for the two sexes was similar. Females attained an older age and longer length than males. Means and standard error of observed length-at-age, and the theoretical von Bertalanffy growth function (VBGF) were plotted for females and males (Fig. 6 ). It will be seen that the females are on the average slightly larger than the males. As is typical for fish growth curves, the increase in length is more rapid during the first year and shows a fairly constant decline with each successive year. This is true for both (males and females). However, a likelihood ratio test indicated that growth models for males and females were significantly different from one another (F=1.06, d.f.=7, p<0.001). As expected, the calculated growth curves are relatively smoother. Males and females grow approximately at the same rate for the first four years, at the end of this period fish attain a 208mm length. After this, males grow relatively slower than females. At the end of the seventh year, males reach a length of 239mm, whereas females reach 263mm. When lengths of male and female fish are compared with the corresponding observed lengths, the two are quite close. Theoretical weight growth of male and female longfin sanddab is shown in Fig. 7 . Females: Wt=589.6 (1-e -0.23 (t -0.35) ) 3.2 and males: Wt=411.0 (1-e -0.21 (t -0.68) ) 3.2 . Results of likelihood-ratio tests showed significant differences in the overall von Bertalanffy weight growth models for males and females (F=0.245, d.f.=7, p<0.001).
The instantaneous natural mortality rate (M) obtained using the equation of Pauly (1980) was 0.30 year -1 ; the reliability of the estimated M was ascertained using the M/k ratio for most of the fish (Beverton & Holt 1957 ).
The total mortality rate (Z) was estimated using the length-converted catch method, without these, not fully recruited specimens (0-2 + years). In addition, the growth in length of the oldest fish, approaching the asymptotic length (L ∞ ), became uncertain with time, hence they were also excluded. Growth rates of the different age-groups (2 years and older) declined with age. The total mean annual mortality was calculated as Z=0.82 (r 2 =-0.90, C.I. of Z: 0.66 -0.97 per year -1 , p<0.05) from the catch curve (Fig. 8) and, apparently, was constant for the age-groups considered. Age-groups 0 and 1 were excluded because of poor efficiency of the sampling net for the smaller fish. Instantaneous mortalities, Z, were estimated at 0.77 for males and 0.78 for females ( . Few previous studies on the biology of the longfin sanddab exist; hence, the growth and mortality parameters estimated here can only be compared to those obtained from studies made in other flatfish species of the Paralichthyidae family (Table 3) . C. xanthostigma population in the western coast off Baja California reaches the same age as other sanddab species found in Californian waters, but it reaches a smaller size-at-age. Discrepancies exist between the maximum reported length and the estimated maximum length for longfin sanddab. The maximum reported length is 250mm (Eschmeyer et al. 1983 ) and the standard length registered for the present study was of 290mm. The asymptotic length (L ∞ ) is found to be slightly smaller than those estimated for C. sordidus by Arora (1951) . The growth rate (k) of the species in the coast of Baja California is relatively slow, as mentioned by other authors (Table 3 ). The estimated value of L ∞ (289.3mm SL) is slightly lower than the maximal total length of 290 observed in the VBGE, which has a good predictive value only for the age-classes between 1 and 9 years, and does not accurately describe the growth during the early and later stage of the fish life. Arora (1951) found similar results in ageing C. sordidus from the Southern California; their growth rate tends to be very fast in the juvenile stages and slows down considerably in the adult stages. This suggested that the differences in growth between juvenile and adult stages of the sanddabs C. sordidus and C. xanthostigma from the coastal waters of California and Baja California may be attributed to the differences in the environmental conditions between the different stages of their development.
Growth in sanddabs has been shown to be regulated by numerous factors; prey availability, population density, environmental temperature, salinity, and suitable habitat (Chamberlain 1979 ).
The 0 group (i.e., fish in their first year of life) is not well enough represented in the samples collected during July and October to produce distinct modes. This is undoubtedly due to the fact that spawning takes place chiefly during these months and the collections did not include the smallest fish in proportion to their abundance in the population . It may well be that the size of the mesh of the net permitted them to escape. The samples collected in October and March, however, show clearly the appearance of group 0, although the modes are not very sharply defined. The fish during these months have attained a modal length of about 83.4mm and, evidently, are retained by the net of 3cm mesh.
Throughout development, weight increased at a rate slightly higher than the cube of the length compared with C. sordidus, the increases in weight are very different, because it is duplicated to the same sizes.
The difference in growth sizes is almost of 50mm, and it increases with greater sizes, this relation follows a pattern similar to C. sordidus. The length average for the relative age is very similar to those obtained for the Pacific sanddab by Arora (1951) with the methods of scales, otoliths, and length-frequency distribution analysis.
Growth of the longfin sanddab shows similar features to another flatfish: females are longer than males; adult females being heavier than males for the same length. Thus, whereas males dominate the younger age-groups, females are more abundant in the older groups (Martínez-Muñoz & Ortega-Salas 1999 , 2001 ). The so-called 'short male fish' or 'dwarf-typed male fish' has become one of the important growth characteristics among flatfish, like the most flatfishes (Chen et al. 1992b ) females were considerably larger in length and weight than males. The data in our study confirmed that females grow faster than males, as found in previous studies (Martínez-Muñoz & OrtegaSalas 1999 , 2001 .
Seasonal variation in growth is similar to that in Pacific sanddabs; the most rapid growth is during summer and early fall. At the end of the fifth year, longfin sanddabs attain 75-85% of the average standard length and 70% of the average weight attained at the end of the fifth year, this proportional relation is quite different in C. sordidus and C. stigameus (Arora 1951 , Ford 1965 , Chamberlain 1979 . Many factors can affect growth rates, including differences in the seasonality of spawning, environmental factors, amount, size of food and genetics (Weatherly & Gill 1987 , Moyle & Cech 1988 .
Other factors that may have affected the growth parameters include the following: method of collection and time periods of sampling.
Flatfish possess a life-span normally up to 5-6 year classes for each species (Chen et al. 1992b) , while the oldest fish are even more than 10 years old (Martínez-Muñoz & OrtegaSalas 1999 , 2001 ). In the Pacific sanddab, the growth rate is faster and the life span (8-10 years) is longer than in the speckled sanddab (3-4 years) (Arora 1951 , Ford 1965 . However, the age compositions of males and females of the same stock are clearly different. The females live longer and show more age groups in the catches.
By comparison, longevity estimates for a variety of other flatfishes, occurring in temperate latitudes and from families other than the Paralichthydae, range from 3 to 23 years (Ford 1965 , Haaker 1975 , Smith & Daiber 1977 , Martínez-Muñoz & Ortega-Salas 1999 , 2001 , Mac Nair 2001 , Amezcua et al. 2005 .
Analysis of the length-weight relationship of males, females, and undetermined shows an allometric growth and differences in the relative growth rate between sexes. However, they are similar (positive allometric growth) to those of Arora (1951) and (Martínez-Muñoz & Ortega-Salas 1999 , 2001 in California and other regions. The length-weight relationship may be influenced by sex, maturity, geographical location, and environmental condition (Bagenal & Tesch 1978) .
The sex ratio in the flatfish species is generally 1:1 (Kramer 1991 , Minami &Tanaka 1992 , Martínez-Muñoz & Ortega-Salas 1999 , 2001 ) as found in this paper.
Values of k (0.2) are low for both sexes of longfin sanddab, which indicates slow growth. It is expected that the natural mortality rate (0.3) of such a slow-growing, longed-lived species would also be relatively low; estimates of M from 0.19 to 0.22 have been made for the Alaska plaice) (Pleuronectes quadrituberculatus). Natural mortality is likely close to 0.2, which is the value used in age-structured modelling of the eastern Bering Sea population (Zhang et al. 1998) .
Analysis of the catch curve mortality estimates a relatively high instantaneous total mortality in the longfin sanddab population off western Baja California waters (Table 4) . Relatively few are older than five years. The age structure observed in this population may, however, reflect the relatively short life-span of this species (10 years), or it could also reflect high mortality levels experienced by longfin sanddab in Baja California.
The values obtained for annual total mortality; natural mortality; and fishing mortality are first estimations for the longfin sanddab population from the western coast of Baja California. In spite of the consistency among those age classes included, the mortality should be further investigated, especially with respect to the younger age classes and by using direct methods. Total mortality and fishing values for other species of flatfish (Table 4) , and C. xanthostigma maintained a similar pattern to the obtained for H. stomata and X. liolepis in the same study area; this is caused by the fishing effort that is made in shrimp fishing in the western coast of Baja California, representing high biomass of bycacth (Martínez-Muñoz 2001 , Martínez-Muñoz & Ortega-Salas 1999 , 2001 .
The Citharichthys species, like the Pacific sanddab, is harvested commercially by bottom fishermen using other trawls (Frey 1971) . The longfin sanddab ranked first in abundance among fish species collected in trawl surveys conducted from 1988-1990 off the Baja California shelf .
Off the western coast of Baja California, a high fishing mortality of flatfishes, including longfin sanddab, occurs, resulting from intensive trawl fishing for shrimp (Ehrhardt et al. 1982 , van der Heiden et al. 1985 . Although longfin sanddab is not a target species of these commercial shrimp fisheries, the rate of fishing mortality is estimated to be greater than the natural mortality, as a result of the large bycatch of flatfishes along the western coast of Baja California The longfin sanddab attains a size enough to become bycatch at 2 years and is considered a potential exploitable flatfish, but needs to have regulations as a fishery resource.
Hence, the fishing mortality, mainly due to bycatch in the shrimp fishery, is greater than the natural mortality, which means that C. xanthostigma is overexploited.
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RESUMEN
Se presenta información sobre el crecimiento y mortalidad de la población del C. xanthostigma (lenguado alón) en el Pacífico Mexicano de Baja California, México. Datos sobre su crecimiento fueron obtenidos de peces capturados con red de arrastre durante seis cruceros en la costa Oeste de Baja California, México. Se capturaron 1 017 peces en este periodo. La relación machos:hembras de 860 ejemplares fue de 1:1.2. La relación peso total (W) y longitud estándar (SL) se estimó para hembras: W=0.00000743 SL 3.196 y para machos: W=0.00000764 SL 3.193 . La edad de los grupos se calculó con datos de frecuencia por longitud, el crecimiento de von Bertalanffy global fue: L ∞ =289.2mm SL, k=0.20, t 0 = -0.73; para los machos: L ∞ =265.9 mm SL, k=0.21, t 0 = -0.68 y para las hembras: L ∞ =293.6mm SL, k=0.23, t 0 =-0.35, anualmente. La captura de C. xanthostigma durante este estudio alcanzó una edad máxima de 10 años. Los machos alcanzan tallas menores que las hembras a la misma edad. Los grupos de edad tuvieron una tasa de mortalidad total (Z) de 0.82 por año, una mortalidad por pesca (F) de 0.52 por año y mortalidad natural (M) de 0.3 por año. Aunque el C. xanthostigma no es una especie objetivo (comercial), sufre una alta mortalidad indirecta durante la pesca del camarón. 
